In comparison to studies investigating the roles of 5-HT 1 , 5-HT 2 and 5-HT 3 receptors in aggressive behaviour there is a dearth of material examining the function of 5-HT 4 receptors in this behaviour. In view of this, the current study examined the effects of the 5-HT 4 receptor partial agonist RS 67333 and antagonist RS 39604 in murine agonistic behaviour. RS 67333 failed to produce any significant changes in the offensive. Significant variation in the frequency of evade behaviour was detected but this occurred between treatment groups rather than with controls. Interestingly, both the frequency and duration of stretched attend behaviour were increased by RS 67333 0.1 mg/kg, a result indicative of increased risk assessment. The administration of RS 39604 (0.01 -1 mg/kg) produced significant variation in the frequency and duration of following, and aggressive grooming. Frozen crouch behaviour was also increased significantly at 0.1 mg/kg. It is concluded that since the 5-HT 4 receptor ligands employed in this study produced very few significant behavioural effects across the treatment groups, 5-HT 4 receptors do not play a role in the modulation of murine aggressive behaviour.
Introduction
Compared to the early extensive research interest that focused on the role of 5-HT 1 receptors [1] [2] [3] and 5-HT 2 receptors [4] in rodent offensive behaviour, to the best of the authors' knowledge no studies have been published investigating the role of the 5-HT 4 receptor in aggressive behaviour.
However, the 5-HT 4 receptor partial agonist RS 67333 has been tested in other animal models of behaviour. In the Morris Water maze the partial agonist RS 67333 produced significant reductions in the cognitive deficit induced by atropine and while the partial agonist RS 67506 produced no significant change in this respect [5] . Testing also showed that RS 67333 produced no effect on locomotor activity while the antagonist RS 67532 (1 & 10 mg/kg i.p.) did reduce activity. More recently, in the forced swim test animal model of depression, RS 67333 demonstrated putative antidepressant action [6] ; an effect optimized by the adjunction of an SSRI [7] .
5-HT 4 receptors have been examined with regard to a possible role in anxiety. The 5-HT 4 antagonists SB204070 and GR113808 were tested in the elevated plus maze [8] . The results were suggestive of a mild anxiolytic-like effect, although not as potent as traditional anxiolytics such as diazepam.
An investigation concerning the role of 5-HT 4 receptors in appetitive behaviour reported that bilateral microinjections of the 5-HT 4 antagonist RS 39604 into the nucleus accumbens (NAc) increased food intake and increased weight loss in MDMA treated rats compared to saline controls. Such results demonstrated that 5-HT 4 receptors in the NAc regulate the apetite suppressant effects of MDMA [9] .
In this study we examined the effects of the 5-HT 4 partial agonist RS 67333 and the 5-HT 4 antagonist RS 39604 on murine agonistic behaviour.
Materials and Methods
Subjects and procedure. One hundred and sixty adult male albino mice of the BKW strain, weighing between 25 -35 g from Queens University Belfast Medical Biology Centre Breeding stock were used. Four weeks prior to testing the mice were randomly allocated to resident or intruder status. Residents were individually caged (cage size 30 × 15 × 13 cm) and intruders housed with siblings in groups of approximately ten (cage size 44 × 28 × 13 cm). Throughout the four weeks prior to testing, all animals were given fresh bedding weekly, with food and water available ad libitum . All subjects were maintained in a temperature-controlled room (24˚C ± 1˚C), in which a 12 hour reversed light/dark cycle was operative (lights on 2400 hrs).
All work was licensed by the Home Office in accordance with the UK Animals (Scientific Procedures) Act 1986.
Behavioural testing took place in the residents "home cage". Food and water were removed from test cages for the duration of encounters. Resident/intruder encounters were recorded on tape by a Panasonic Saticon colour video camera (model WVP200E) with low light facility. The test cages were illuminated by two 60watt "anglepoise" lamps during social encounters. Tape analysis was carried out using a Panasonic video recorder, a VDU, a PC computer and a printer.
All injections were performed subcutaneously in a volume of 10 ml/kg thirty minutes prior to testing. Animals used were both drug and experimentally naive. The experimenter remained blind to the conditions until data analysis was complete.
All testing was carried out under red light during the mid-portion of the dark phase. Isolates were weighed, marked for recognition and randomly assigned to dose treatment groups. Only isolate (resident) mice received drug treatments. Thirty minutes after treatment (residents), intruder mice were introduced into the home cages of the residents and the ensuing 10 minute encounters recorded on video tape for later analysis.
RS 39604 was administered in doses of 0.01 mg/kg, 0.1 mg/kg and 1 mg/kg and RS 67333 was administered in doses of 0.01 mg/kg, 0.1 mg/kg & 0.5 mg/kg. Doses were based on similar compounds from previous studies and pilot experiments in our laboratory.
Measures
Behavioural analysis was similar to that previously described [1] . Briefly, videotapes were analysed using direct keyboard inputs to the microcomputer which had been programmed to produce data output in the form of frequency and real-time duration of behavioural elements [3] . The following behavioural elements and categories were analysed:
Statistical Analysis
Given the non-parametric nature of the data, results for each behavioural element were analysed using KruskalWallis one-way analyses of variance. Where statistical differences were detected, further comparisons (with control group) were performed by Mann-Whitney U tests.
Results
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Tail rattle f 8. Further analysis of chase behaviour revealed that variation occurred between drug treated groups although the frequency and duration of evade were enhanced at 0.1 mg/kg.
While no other significant variation was detected in the offensive category there were non significant enhancements at 0.1 mg/kg.
RS 67333 and Intruder Defensive Behaviour
Intruder defensive behaviour remained stable across all doses for both frequency and duration with non signifycant increases and decreases being detected (H ≤ 4.1, p > 0.05 & H ≤ 3.4, p < 0.05).
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One way analysis of variance revealed a significant change both the frequency and duration of aggressive grooming (H = 9, p < 0. 
RS 39604 and Defensive Behaviour
Intruder Behaviours as a Function of Resident Behaviour after Treatment with RS 39604 (0.01 mg/kg -1 mg/kg) (
RS 39604 and Social Behaviour
Analysis revealed significant variation in the frequency of naso naso sniffing (H = 7.92, p < 0.05) and naso genital sniffing (H = 8.59, p < 0.05). Significant variation was detected in the duration of nsi (H = 10.17, p < 0.02) while both the frequency and duration of following were also significantly modified (H = 10.13, p < 0.02
The frequency of naso genital sniffing was increased at 0.01 mg/kg (p < 0.02) and 0.1 mg/kg (p < 0.02). The frequency of naso naso sniffing and the duration of nsi were also increased at 0.1 mg/kg (p < 0.02 in both cases). The frequency and duration of following also showed a significant enhancement at 0.1 mg/kg (p < 0.05 in both cases).
No other aspects of social behaviour were modified (H While significant variation was detected for offensive sideways behaviour variation was found to occur between treatment groups and not with controls.
RS 39604 and Offensive Behaviour
RS 39604 and Defensive Behaviour
Intruder defensive behaviour showed no significant variation follow resident treatment with RS 39604 (H ≤ 6.15,
Discussion
RS 67333 failed to produce any significant modification of resident behaviour in this model of aggression. Non social behaviour was generally reduced by administration of RS 67333 but to a non significant degree. Thus it must be proposed that RS 67333 possesses no sedative effects in this model. RS 67333 did not largely affect social behaviour in this model. Only one aspect of social behaviour was significantly modified by the compound. The frequency and duration of stretched attend were significantly enhanced at 0.1 mg/kg.
The only other element of the behavioural repertoire that was significantly changed was the frequency of evade behaviour. While this variation occurred within the drug treated groups and not with controls, the frequency and duration of evade behaviour were enhanced at 0.1 While intruder non social and defensive behaviour showed no significant modifications intruder social and offensive behaviour did show significant change in response to the resident animals. The frequency of naso naso sniffing was significantly enhanced at 0.01 mg/kg. All other social behaviours also showed slight enhancements at this same dose level.
Intruder offensive upright attacks showed a significant increase in both frequency and duration at 0.1 mg/kg. Chase behaviour showed significant variation but this occurred within the drug treated groups and not with controls. Both the frequency and duration of chase were enhanced at 0.1 mg/kg.
RS 39604 produced some small changes in behaviour in this model of aggression. No sedative effects were detected for this drug indicated by the lack of effect on non social behaviour. Analysis detected significant changes in social behaviour with enhancements in the frequency and duration of following being detected at 1.0 mg/kg. This was the only aspect of social behaviour that was significantly changed by RS 39604.
With regard to aggressive behaviour a significant change in the frequency and duration of aggressive grooming was detected at 1 mg/kg. The frequency of this behaviour was also reduced at 0.01 mg/kg. Failure to detect any changes in the other elements of aggressive behaveiour may be a result of low baseline levels of aggression.
There were few changes detected in defensive behaveiour and this set of behaviours also produced low baseline levels of aggression due to the tendency of resident animals to display more attack like behaviours. Only a significant increase in frozen crouch behaviour was detected at 0.1 mg/kg.
Analysis of intruder behaviour produced a greater array of significant results. Although non social behaviour showed no significant modification the frequency of naso naso sniffing, naso genital sniffing and following were all enhanced significantly at 0.1 mg/kg. The duration of non specific investigation and following were also enhanced by RS 39604 at the same dose. These behaviours may be linked to the increase in resident frozen crouch behaviours at the same dose. There was also a low level of resident aggressive behaviour at this dose which would serve to reduce defensive behaviour in the intruder animals. Intruder defensive behaviour was reduced, although non-significantly, at this level.
While there has been no work published regarding the role of 5-HT 4 receptors in aggressive behaviour, investigations examining the role of 5-HT 4 receptors in anxiety have reported an increase in social interaction following treatment with 5-HT 4 antagonists [10] . Specifically, the 5-HT 4 antagonist SB 204070A increased rat social behaviour at doses between 0.001 mg/kg and 0.1 mg/kg; a result indicative of a mild anxiolytic effect. These results supported earlier findings that 5-HT 4 antagonists produced anxiolytic like effects in rats tested in the elevated plus maze [8] . Combined results from resident and intruder social behaviour in this study also indicated an enhancement of social behaviours at 0.1 mg/kg. While enhancements were largely detected in the intruder animals these behaviours occur in response to changes in behaveioural cues from the residents. These augmentations of social behaviour may support the evidence for mild anxiolytic effects induced by 5-HT 4 antagonists.
Results from RS 67333 also serve to support these previous findings. The combined increase of stretched attend behaviour (thought to be associated with risk assessment) and the rise in defensive behaviours are suggestive of a weak enhancement of anxiety like behaviours. These changes in resident behaviour also resulted in increased aggressive behaviour from the intruder animals. As RS 67333 was a partial agonist these effects may be enhanced by administration of a full agonist for this site.
With regard to aggressive behaviours RS 39604 produced no significant changes in resident aggressive behaviour. There was an increase in intruder aggressive grooming and a consequent increase in resident frozen crouch behaviour. This may represent a function of increased contact due to increased social behaviour and therefore an increased likelihood of aggressive behaviour. RS 67333 also produced little change in resident aggressive behaviour.
In conclusion, the lack of effects of the 5-HT 4 receptor agonist and antagonist employed in this study indicates that 5-HT 4 receptors have no specific role to play in the modulation of murine aggression.
